INTRODUCTION
There has been considerable success in the design of sequence-specific DNA cleaving agents (1,2). In a complementary approach, we have manipulated the receptor site in DNA to increase the affinity for intercalating agents. Our goals are (a) to develop probes for DNA lesions, (b) to characterize the noncovalent interaction between intercalators and a DNA lesion produced by intercalation, and (c) to constrain reactive intercalators to lesion-specific sites of intercalation, then cleave the DNA from these predetermined intercalation sites. This method yields two constraints (sites of intercalation and strand scission) for modeling DNA/drug complexes and reaction mechanisms.
We have recently reported (3) that three reactive intercalating agents, neocarzinostatin chromophore (NCS-C), bleomycin (BLM) and the ferrous complex of methidiumpropyl'EDTA [ (4, 5) . Thus, bulges appear to insert or delete residues during DNA replication, recombination or repair. Bulges are stabilized by intercalating agents (6) and the frameshift mutagenicity of intercalators (7, 8) appears to result from such stabilization. Our results support a model of bulged DNA with a single site of high stability intercalation, located directly at the lesion (3). Similarly, bulges appear to increase the affinity of RNA for intercalators (9, 10) . In this report, we demonstrate the utility of this lesion to form a set of predetermined binding sites to study the binding mode and mechanism of action of a well known "artificial nuclease", the cuprous complex of orthophenanthroline (OP-Cu) (for a review of the reaction of OP-Cu with DNA, see reference 11).
METHODS
Oligodeoxynucleotides were synthesized, purified, 5'-32p-phosphorylated, and annealed as previously described (3) . The sequences and sites of strand scission of all oligodeoxynucleotides were confirmed by chemical sequencing techniques (12 In this assay for lesion-specific binding, sites of specific binding shift in a stepwise manner in each succeeding duplex of the series.
The plus strand of the analogous series of oligodeoxynucleotide duplexes was 5t_32P endlabeled and the annealed duplexes were treated with OP-Cu. The reaction products of the plus strand were resolved by high resolution polyacrylamide gel electrophoresis. OP-Cu caused scission at all residues of the normal duplex (duplex 1, lane 1 of Figure 2 ). However, the intensity of strand scission is greatest in the region centered around T(10). Thus, Figure 2 . The sequence-specific scission pattern is maintained in each bulged oligodeoxynucleotide. In addition, a region of bulge-specific scission by OP-Cu covers the first, second and third residues directly on the 3' side of each bulge. Sites of bulge specific binding and strand scission by OP-Cu.
around, and is most intense at, G(1l) of duplex 2, T(lO) of duplex 3, A(9) of duplex 4, etc. Further, it appears that sequence specificity is additive with lesion specificity. For example, scission of T(1O) is more intense in duplexes 3 and 4 than in duplex 1 or duplexes 5-8.
The major products from reaction of OP-Cu are fragments with 3'-phosphate termini (slower migrating) and the minor products are fragments with 3'-(phosphoro-2"-O-glycolate) termini (faster migrating) (11) . Where the resolution is greatest on the gel in Figure 2 , both species are clearly observable as products of bulge-specific scission by OP-Cu (for example C(5) duplex 8).
In each bulged oligodeoxynucleotide, a region of bulgespecific protection from OP-Cu scission is observed on the 5' side of the lesion. As can be seen in Figure 2 , protection from scission occurs from A(9) through C(4) of duplex 2, A (8) (a) We expect that a highly specific mechanism of strand scission is related to a highly specific conformation. BLM cleaves normal DNA by selective abstraction of a 4' hydrogen (17) to produce 3'-(phosphoro-2"-O-glycolate) termini (18) . Similarly, BLM cleavage at bulges produces fragments with 3'-(phosphoro-2"-0-glycolate) termini (3) . NCS-C cleaves normal DNA by selective abstraction of a 5' hydrogen to produce 3'-phosphate termini (19) . Similarly, NCS-C cleavage at bulges produces fragments with 3'-phosphate termini (3) . Thus In conclusion, this report demonstrates the utility of a bulge as a high affinity receptor for the study of DNA cleaving agents. Lesion-specific scission by OP-Cu has provided evidence for a diffusible intermediate in the scission reaction and for intercalation as the mode of binding.
